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Abstract 
In this study we present a methodology to estimate and map the content of Soil Organic Carbon (SOC) in topsoils 
from spectroscopic measurements (FTIR-ATR). We used the Walkley-Black method to determine the SOC content 
in 221 topsoil samples in Galicia. FTIR-ATR spectroscopic data was measured upon the same set of samples. A 
Random Forest (RF) model, linking SOC and FTIR-ATR data, revealed that the spectral band placed at 1697 cm-1, 
explains most of the variability of SOC. We crossed the spectroscopic data for this wavenumber with a number of 
raster environmental data (climate, land use and geology) using Partial Least Squares (PLS) to create maps depicting 
the spatial distribution of such band. A linear regression model (MLR), relating SOC as the dependent variable and 
the selected FTIR-ATR bands as independent proxy, shows a good predictive performance (r-squared =0.88; RSME 
= 2.14; ME = 0.05). We used this MLR, upon the PLS model, to generalize the distribution of SOC in our study 
area. This approach shows that FTIR-ATR data can be used to directly map SOC while minimizing analytical costs 
and time. 
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1. Introduction 
Over the past few decades, there is a growing interest in the development of rapid methods to map soil organic 
carbon (SOC) stocks along extensive areas. Digital Soil Mapping has been used to predict the spatial distribution of 
SOC using approaches like Multiple Linear Regression, Kriging, co-Krigging, Regression Kriging, Geographically 
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Weighted Regression, Support Vector Regression, Artificial Neural Networks, Random Forest and Partial Least 
Squares Regression [1-3]. 
Infrared spectroscopy, faster and cheaper than traditional measure techniques such as Walkley-Black method, has 
been used as an alternative technique to estimate SOC. In this sense, many authors derived statistical models to 
predict SOC from spectroscopic data [4,5]. On the other hand, statistical algorithms such as Random Forest allows 
the identification of the most influential bands explaining the variability in SOC, thus increasing the accuracy of the 
predictive models created [6]. 
Studies at present showed the ability of spectroscopic data to create predictive models of soil parameters at plot 
scale with high accuracy. However, further research is required to generalize the information from such models to 
large spatial scales. This study provides a methodology to translate the statistical relationships found between 
spectroscopic data and SOC measurements from the plot scale to a regional scale in order to map the SOC content at 
regional scale. 
 
2. Methodology 
2.1. Soil samples 
We collected a total of 221 topsoil samples representing the different climatic, land use and geology variability in 
Galicia (NW-Spain). SOC content was determined in all samples using the standard Walkley-Black method [7]. We 
used a Varian 670 spectrometer (Varian Inc., Santa Clara, CA) attached to an ATR device with a single diamond 
crystal (Pike, Madison, WI) to register the mid-infrared FTIR-ATR spectrum on the same set of samples at 
resolution of 4 cm-1. The collected data set was randomly split into two groups where 70% of the samples were used 
for model calibrations and the remaining 30% for validation. 
2.2. Statistical analyses 
A set of statistical analyses was performed on the data (Figure 1). A Random Forest (RF) model was applied to 
identify the bands of the spectra storing the most relevant information to predict SOC at plot scale. This model 
showed that the band placed at 1697 cm-1 can be used to model SOC content. Partial Least Squares (PLS) was then 
used to determine the relationships between the absorbance of that band and a set of easily accessible environmental 
covariates in the form of raster maps (climate, land use and geology). This model served to create a map depicting 
estimated values of the absorbance in such band in the whole study region. We calibrated a linear regression model 
(MLR) to determine the contribution of 1697 cm-1 on the SOC values and finally we used this model to predict SOC 
in the whole study area. 
 
 
Fig. 1. Diagram summarizing the steps for map SOC. 
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3. Results and discussion 
The final output is a map showing the distribution of SOC content based exclusively on spectroscopic 
measurements (Figure 2). The highest SOC contents are mainly located in mountainous areas with high precipitation 
rates, while the lowest values are placed in zones characterized by low precipitation rates and high temperatures. 
 
 
  
Fig. 2. Predictive map of SOC using FTIR-ATR data. 
The relationships between the selected band and the environmental parameters considered showed that soil 
moisture, estimated from the monthly water balance, is the environmental parameter with highest influence in SOC 
content in our study area. Environmental factors such as parental material or land use types play a minor role in the 
accumulation of SOC in Galicia. 
In order to test the accuracy of the methodology here developed, we used a more traditional approach [2], which 
uses a PLS algorithm with SOC as dependent variable and the same set of environmental parameters as covariates, to 
map of SOC based directly on the Walkley-Black measurements. Figure 3 shows the differences between this map 
and the map developed from FTIR-ATR data. Such differences range between ±2% SOC in 65% of the total surface. 
Negative values of the differences can be observed for mountainous areas with high precipitation rates, indicating 
that the model obtained from FTIR-ATR tends to lightly underestimate SOC contents. The opposite occurs in areas 
characterized by high temperature values and lower precipitations rates such as the coastal area and the inner valleys, 
where the model from FTIR-ATR data slightly overestimate SOC in relation to the model based on Walkley-Black 
measurements. However, the differences are in general low and the results obtained by FTIR-ATR are similar than 
to those obtained by wet chemical analyses. 
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Fig. 3. Differences in the spatial predictions of SOC, expressed as [FTIR-ATR predicted – Walkley-Black predicted] SOC in %. 
4. Conclusions 
 The methodology here presented permits to estimate and map SOC contents in topsoils by using FTIR-ATR data 
and a number of environmental proxies. The goodness-of-fit the statistical analyses demonstrates the ability of 
spectroscopic data at 1697 cm-1 to capture the variability in SOC contents at plot scale. The high correlation between 
this band and the environmental proxies here used showed that it is feasible to map SOC in topsoil at regional scale 
using spectroscopic data. The results obtained by this method are similar to those obtained by using Walkley-Black 
measurements, and shows that SOC accumulation, in our study area, is mainly driven by the availability of water in 
the soil profile. 
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